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Gingival fibroblasts produce proinflammatory cytokines in response to lipopolysaccharide (LPS) from
periodontopathic bacteria. Recently it has become evident that the human homologue of Drosophila Toll can
transduce intracellular signaling by LPS stimulation. Toll-like receptors (TLRs) have been identified in
myeloid cells; however, their role in nonmyeloid cells such as gingival fibroblasts has not been fully elucidated.
Here, we report that human gingival fibroblasts constitutively express TLR2 and TLR4 and that their levels of
expression are increased by stimulation with LPS from Porphyromonas gingivalis. Upregulated expression of
interleukin-6 gene and protein in fibroblasts stimulated with LPS is inhibited by anti-TLR4 antibody. These
findings suggest that TLRs may confer responsiveness to LPS in gingival fibroblasts.

Gingival fibroblasts are the primary cell type present in the
gingival connective tissue. In addition to maintaining gingival
tissue integrity by regulating collagen and proteoglycan metab-
olism, they produce several proinflammatory cytokines such as
interleukin-1 (IL-1), IL-6, and IL-8 in response to direct and
indirect stimulations with lipopolysaccharide (LPS) from the
major periodontopathic bacterium, Porphyromonas gingivalis
(15, 17, 20). Hence, gingival fibroblasts are thought to play an
important role in the pathogenesis of chronic inflammatory
periodontal diseases.

LPS-induced signal transduction is thought to entail binding
to specific cellular receptors, which trigger intracellular sig-
naling cascades leading to activation of the transcription
factor nuclear factor kB (NF-kB) (8). Generally, it is thought
that myeloid cells primarily utilize membrane-bound CD14
(mCD14) whereas nonmyeloid cells utilize the soluble form of
CD14 to bind LPS. However, CD14 lacks a transmembrane
and cytoplasmic domain and is not believed to have intrinsic
signaling capabilities. It is not likely that CD14 alone is respon-
sible for directly transmitting a signal across the plasma mem-
brane. However, the precise mechanisms by which LPS acti-
vates cells has not been elucidated (18).

Recent studies have implicated Toll receptor in LPS-medi-
ated signaling. Toll receptor is the product of the toll gene,
which controls dorsoventral pattern formation during the early
embryonic development of Drosophila melanogaster (7). Toll is
a type I transmembrane protein containing an extracellular
domain with leucine-rich repeats and a cytoplasmic domain
with sequence homology to the human IL-1 receptor. Since the
first human homologue of Toll protein was cloned (9), six
human Toll-like receptors (TLRs) have been identified (12,
16). Transfection of human embryonic kidney 293 cells with
TLR2 confers on them the ability to respond to LPS with
activation of NF-kB (21). Poltorak et al. (10) and Qureshi et al.
(11) reported that LPS resistance in C3H/HeJ mice is medi-
ated by a mutation in a gene coding for TLR4 (10). Together,

TLR4 as well as TLR2 may represent the long-sought receptor
for LPS.

Therefore, in this study, we investigated whether TLR2 and
TLR4 are expressed and whether the molecules are involved in
the production of proinflammatory cytokines in nonmyeloid
(gingival) fibroblasts following LPS stimulation.

Human gingival fibroblasts were prepared from clinically
normal gingival tissue obtained at extraction of a noninfected
third molar from an 18-year-old female according to the stan-
dard method (14), with minor modification. Informed consent
was obtained prior to inclusion in the study. The cells were
maintained in 25 mM HEPES-buffered Dulbecco’s modified
Eagle’s medium (GIBCO BRL, Gaithersburg, Md.) supple-
mented with 10% fetal calf serum (FCS), penicillin (100 U/ml),
streptomycin (100 mg/ml), and 2 mM glutamine (complete
medium) and used for the experiments at passages 5 to 8. For
stimulation, cells adjusted to a concentration of 106/well in
complete medium without FCS were incubated in Costar six-
well culture plate (Corning Inc., Corning, N.Y.) with or with-
out P. gingivalis LPS (1 mg/ml) for 4 and 24 h. To assess the
effect of HTA125, a monoclonal antibody to human TLR4, the
antibody (20 mg/ml) was added to the culture 1 h prior to LPS
stimulation. P. gingivalis LPS was prepared as described previ-
ously (6). After incubation, the supernatants were removed,
aliquoted, and stored at 280°C until analyzed for IL-6 levels by
a commercially available enzyme-linked immunosorbent assay
(ELISA) kit (Endogen Inc., Woburn, Mass.). The cells were
washed twice with phosphate-buffered saline and harvested by
incubation with 0.25% trypsin-EDTA (GIBCO BRL) at 37°C
for 5 min. Total RNA was separated by using Isogen (Nippon
Gene, Tokyo, Japan) according to the manufacturer’s instruc-
tion. The RNA samples were further purified by successive
treatment with DNase I (GIBCO BRL), phenol-chloroform-
isoamyl alcohol (GIBCO BRL), and ethanol sedimentation.
The resultant RNA preparations were investigated for the
expression of TLR2, TLR4, MD-2, CD14, and IL-6 by means
of reverse transcription (RT)-PCR. The first-strand cDNA was
synthesized using 200 U of Superscript II (GIBCO BRL) and
500 ng of oligo(dT)15 (Promega Co., Madison, Wis.) from 1.5
mg of total RNA in the reaction buffer, supplemented with 0.5
U of RNase inhibitor (GIBCO BRL), 0.01 M dithiothreitol,
and deoxynucleoside triphosphate (each at 0.5 mM) in a total
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volume of 20 ml. The reaction mixture was incubated at 42°C
for 50 min and then heated at 70°C for 15 min. PCR amplifi-
cation of cDNA was performed using oligonucleotide primers
specific for TLR2 (59-GCCAAAGTCTTGATTGATTGG-39
and 59-TTGAAGTTCTCCAGCTCCTG-39) (4), TLR4 (59-T
CCCTCCAGGTTCTTGATTA-39 and 59-GTAGTGAAGGC
AGAGCTGAAA-39), MD-2 (59-TATTGGGTCTGCAACTC
AT-39 and 59-CTCCCAGAAATAGCTTCAAC-39), CD14 (59-
CTCAACCTAGAGCCGTTTCT-39 and 59-CAGGATTGTC
AGACAGGTCT-39) (14), and IL-6 (59-GTGTTGCCTGCTG
CCTTCCCTG-39 and 59-CTCTAGGTATACCTCAAACTCC
AA-39) (3). The primer sequences for TLR4 and MD-2 mRNA
were determined based on the sequence data (GenBank ac-
cession no. U93091 and AB018549 [13], respectively) and by
using Oligo primer analysis software (National Biosciences,
Inc., Plymouth, Minn.). The reaction mixture prepared on ice
contained 13 EXTaq buffer (Takara Shuzo Co., Ltd., Shiga,
Japan), 0.2 mM each deoxynucleoside triphosphate, 0.42 mM
each primer, 1.0 ml of cDNA, and 0.5 U of EXTaq DNA
polymerase (Takara) in a total volume of 50 ml. The PCR was
carried out using a DNA thermal cycler (PCR Thermal Cycler
MP; Takara). The amplification cycle profile was as follows: for
TLR2 and TLR4, denaturation at 94°C for 1 min, annealing at
58°C, and extension at 72°C for 1 min; for MD-2, denaturation
at 94°C for 1 min, annealing at 55°C, and extension at 72°C for
1 min; and for CD14, denaturation at 94°C for 1 min, annealing
at 58°C, and extension at 72°C for 1 min. The cycle profile for
IL-6 consisted of denaturation at 94°C for 1 min followed by
annealing and extension at 66°C for 1 min. The durations of
denaturation at the first cycle and extension at the last cycle
were extended for 3 min. After 30 cycles of amplification, 10 ml
of each PCR product was electrophoresed on 2% agarose gel
and visualized by ethidium bromide staining. To determine the
amplification rate, the products of TLR2 and TLR4 were also
sampled after 25, 27, and 33 cycles.

For immunohistochemistry, the cells at a concentration of
104/500 ml in FCS-depleted complete medium were seeded in
Lab-Tek tissue culture chamber/slides (Miles Laboratories,
Inc., Naperville, Ill.). On the next day, the cells were stimulated
with or without P. gingivalis LPS (1 mg/ml) for 24 h. The slides
were then fixed in equal parts of chloroform-acetone for 5 min.
After washing in 0.05% Tris-buffered saline (pH 7.6) and
blocking with normal horse serum (Vector Laboratories, Inc.,
Burlingame, Calif.), the slides were incubated with either anti-
TLR4 (HTA125), MY4 (Coulter Co., Hialeah, Fla.), or anti-
CD3 (Dako, Glostrup, Denmark) at predetermined dilutions
followed by biotinylated goat anti-mouse immunoglobulin G
(1:200; Vector) and finally with an avidin-biotin immunoper-
oxidase (ABC kit; Vector). The peroxidase was developed us-
ing 0.005% 3,39-diaminobenzidine in Tris-HCl buffer (pH 7.2)
containing 0.01% hydrogen peroxide.

As shown in Fig. 1, gingival fibroblasts were found to con-
stitutively express all of the mRNAs examined, and their ex-
pressions were clearly enhanced by LPS stimulation. This find-
ing was particularly evident for CD14 and IL-6. In this regard,
CD14 expression has been reported to be upregulated in the
presence of LPS on myeloid as well as nonmyeloid cells (1). As
RNA samples without RT did not give rise to any amplified
products, it is concluded that the PCR products are in fact
derived from expressed mRNA (data not shown). Whereas
myeloid cells such as the myelomonocytic cell line THP-1 ex-
press TLR2 and TLR4 at the mRNA level (4, 13) and are
reported to express them at the protein level (23), there has
been no report of TLR expression in nonmyeloid cells. Expres-
sion of TLR2 appeared to be stronger than that of TLR4 in
THP-1 cells, which is in accordance with the previous report

(23); however, it was not evident for gingival fibroblasts even
though the mRNA for TLR2 became visible at an earlier
amplification cycle (Fig. 2). mRNA expression for TLR4 and
CD14 in gingival fibroblasts was further confirmed by immu-
nohistochemistry using monoclonal anti-human TLR4 anti-
body (HTA125) and anti-human CD14 (MY4), respectively
(Fig. 3). In contrast to mRNA expression, cell surface expres-
sion of CD14 and TLR4 did not appear to be affected by LPS
stimulation. HTA125 was generated by immunizing a mouse
cell line expressing human TLR4 in BALB/c mice as described
previously (13). This antibody recognizes TLR4 itself as well as
coprecipitate MD-2, a molecule that is thought to confer LPS
responsiveness to TLR4.

Upregulation of mRNA expression for IL-6 with LPS stim-
ulation was significantly inhibited by the addition of HTA125
(Fig. 1). The effect of HTA125 on IL-6 production by gingival
fibroblasts is rather complicated. Consistent with previous re-
ports (3, 20), enhancement of IL-6 production by LPS stimu-
lation was relatively weak irrespective of the culture period
even though the longer stimulation showed more IL-6 produc-

FIG. 1. Effect of P. gingivalis LPS on expression of mRNAs for TLR2, TLR4,
MD-2, CD14, and IL-6. Expression of TLR2 mRNA (347 bp), TLR4 mRNA
(495 bp), MD-2 mRNA (359 bp), CD14 mRNA (426 bp), and IL-6 mRNA (321
bp) with (lane 2) or without (lane 1) LPS stimulation was analyzed by RT-PCR.
Effect of the anti-TLR4 monoclonal antibody HTA125 on LPS stimulation was
also analyzed (lane 3). b-Actin expression was used as a control. Sizes of mo-
lecular weight markers (M) are indicated.

FIG. 2. Amplification profiles of TLR2 and TLR4 mRNAs. PCR products at
various amplification cycles were analyzed. PCR products at 30 cycles of TLR2
and TLR4 in THP-1 were used as a control. Sizes of molecular weight markers
(M) are indicated.
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tion with or without stimulation. Interestingly, HTA125
strongly blocked the time course-dependent increase of basal
IL-6 production, as measured by ELISA (Fig. 4). Although the
reason for this inhibitory mechanism is unknown, TLR4 may

play a complex regulatory role(s) in cytokine production me-
diated by a yet unknown function. Nevertheless, these findings,
together with the fact that mRNA for CD14 was upregulated
by LPS stimulation and MD-2 was expressed in gingival fibro-
blasts, suggest that the LPS-induced activation of gingival fi-
broblast is mediated at least in part by cell surface TLR4.

Several studies have demonstrated that P. gingivalis LPS
enhances proinflammatory cytokine IL-1, IL-6, and IL-8 pro-
duction in human gingival fibroblasts (15, 17, 20). Gene ex-
pression of these cytokines is regulated by the activation of
NF-kB. Although the mechanism of the TLR-mediated LPS
responsiveness has not been fully elucidated, both TLR2 and
TLR4 have been shown to induce the activation of NF-kB via
sequential activation of IRAK, TRAF6, and NIK (5).

Although TLRs are now believed to be critical signaling
molecules mediating LPS responsiveness, CD14 is also impor-
tant in LPS responsiveness. In the present study, we demon-
strated that gingival fibroblasts expressed mCD14 (Fig. 3). The

FIG. 3. Immunoreactivity for TLR4 and CD14 in gingival fibroblasts. The
cells cultured on Lab-Tek tissue culture slide were stimulated with (A and B) or
without (C and D) P. gingivalis LPS for 24 h and subsequently stained for
HTA125 (anti-TLR4; A and C) or MY4 (anti-CD14; B and D). Anti-CD3 was
used as a negative control (E).
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presence of mCD14 on gingival fibroblasts has been contro-
versial. Whereas Watanabe et al. reported that mCD14 is ex-
pressed in gingival fibroblasts (19), Hayashi et al. failed to
show mCD14 expression both at protein and mRNA levels (2).
In this regard, heterogeneous expression of mCD14 has been
demonstrated (14). A recent report has demonstrated that
TLR2 associates with mCD14 and that LPS treatment en-
hances the oligomerization of TLR2, which leads to subse-
quent recruitment of IRAK (22). Furthermore, CD14 aug-
ments LPS responsiveness mediated by TLR2 (21). These
reports further show the importance of mCD14 in LPS respon-
siveness.

Collectively, the available data suggest that gingival fibro-
blasts respond to periodontopathic bacterial LPS via TLR2
associated with mCD14 and TLR4–MD-2 complex, resulting in
the production of proinflammatory cytokines, which in turn
leads to periodontal tissue destruction. Although this study is
the first to show that the expression of signaling molecules
mediates LPS responsiveness in gingival fibroblasts, further
study is obviously needed to clarify its complex regulatory
role(s) in proinflammatory cytokine production.
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ogy, Department of Dentistry, The University of Queensland, Bris-
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